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In cases of strychnine  1 poisoning, text-books on pharmacology and  therapeu- 
tics  (Kobert  (1,  2),  Tyrode  (3),  Cushny  (4),  and Dixon  (5)), even of recent 
date,  advocate  evacuation  and  washing  of  the  stomach  by  tube  or  by  the 
usual emetics,  accompanied  by the administration of tannic acid or some other 
astringent, to remove the portion of the drug remaining in the stomach, and an 
attempt to control the convulsions by a depressant of the central nervous system, 
as  urethane,  chloral,  bromides,  ether,  or  chloroform.  Kobert  (2)  advises,  in 
addition, the use 0f small  doses of curare, which  must, however,  be given with 
great care.  Githens and Meltzer (6, 7) found that animals given a twice lethal 
dose of strychnine could invariably be saved by the use of intratracheal ether 
anesthesia  plus  the  intravenous  administration  of  considerable  quantities  of 
Ringer's  solution.  The  success  of their  experiments apparently depended on 
the effect of Ringer's solution in hastening the excretion of the strychnine, the 
anesthesia  merely  controlling  the  convulsion  until  the  drug  was  eliminated. 
Lethal doses  were  then rapidly excreted  in  the urine.  The average duration 
of the anesthesia  was 4½ hours. 
The experiments of  Githens and  Meltzer were not known to us at 
the  time of our study.  Until  now,  little hope of recovery has been 
offered in  cases  where  the  convulsions  have  become  general  with 
opisthotonos,  for respiratory  paralysis  soon  follows. 
Report of a  Case of Strychnine Poisoning. 
The present study was undertaken to confirm the results obtained 
in  the  following case. 
Baby C.,  female,  1 year  and 2  weeks of  age;  weight  22.5 pounds. 
Full term, normal delivery; breast fed for 1 month; healthy; no pre- 
t U. S. census report for 1909 (see Wilbert, M. I., Poisons and Habit-Forming 
Drugs,  Public Health Rep., No.  330,  1916), gives  strychnine poisoning  as  the 
cause of death 210 times, in 113 instances suicidal, and in 97 instances  accidental. 
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vious  illness.  Admitted  to  the  Massachusetts  General  Hospital, 
Accident Ward,  at  5.30  p.m.,  November  25,  1915.  1  hour  before 
admission  the  child  had  swallowed  12  to  14  pills  which its  father 
was  taking  for  stomach  trouble.  The  prescription  showed  these 
to contain ~- of a grain of arsenic, ~  of a grain of strychnine, and 1 
grain of iron. 
The  mother  gave  the  following  history.  15  minutes  previously 
the  child stopped  playing and  had  a  slight  general  convulsion.  It 
vomited once shortly after.  The convulsive  seizures were repeated 
in  rapid  sequence  and  the  intensity  increased.  By  the  time  the 
hospital  was  reached,  the  child  was  cyanotic  and  in  an  almost 
continuous  convulsion,  in  which  opisthotonos  was  frequent,  with 
periods  of  total  respiratory inhibition. 
Ether  was  at  once  administered  and  the  stomach  tube  passed. 
In the vomitus coming about the tube, and in the stomach washings 
three  pills  and  several  fragments of pills  were  recovered.  Sodium 
bromide, 45  grains,  was given by rectum but was at  once expelled. 
The  dose  was  repeated  again  but  again  the  bowels  moved.  The 
same amount of the drug was administered by stomach tube but was 
later  vomited.  Urine  was  passed  spontaneously.  The  color  was 
better  under  ether.  Twice  the  anesthesia  was  removed,  but  the 
child on both occasions had  severe general convulsive seizures with 
opisthotonos  and  respiratory inhibition  and  was  saved only by us- 
ing artificial respiration to get it under the anesthetic. 
On account of the clinical similarity of this case to a case of tetanus 
which had  come under our observation, and the similar condition in 
the  spinal  cord, we determined  to  give  magnesium sulphate intra- 
spinally.  Following the advice of Blake  2 (8, 9), we injected 0.9  cc. 
of a 25 per cent solution in the fourth lumbar space, keeping the head 
well  elevated.  The  anesthetic  was  removed.  The  child at  once 
recovered, seemed lively, and in no danger from respiratory paralysis. 
Apparently there was  some loss  of motor control in  both  legs,  but 
without loss  of the knee jerk reflex.  Morphine,  ~  of a  grain,  was 
2 At that time we used the most easily available information as found in Keen's 
Surgery  (Frazier, C. H., Tetanus, in  Keen, W. W.,  Surgery, Philadelphia and 
London, 1907, i, 499).  A more comprehensive article by Meltzer (19) since then 
advocates 0.5 cc. of a 25 per cent solution per 20 pounds in very young children. ELLIOTT  C.  CUTLER  AND  BENJAMIN  H.  ALTON  85 
given  subcutaneously.  The  convulsions  did  not  recur  and  the  pa- 
tient  spent  an  undisturbed  night,  precautions  being  taken  to  keep 
the  head  elevated.  Because  of  the  slow  excretion  of  strychnine 
in the urine,  we thought that there  might  be a  return of the condi- 
tion  the following  day, but up  to  the  time of  discharge,  December 
5,  1915,  there  was  no  sign  of  even  an  increased  motor  irritability. 
A specimen of the urine was not obtained until December 4, at which 
time it contained no strychnine.  Despite the large amount of arsenic 
also  ingested,  except  for  the  vomiting  and  frequent evacuations  of 
the  bowels,  the  picture  of  acute  arsenic  poisoning  was  never  pre- 
sented, and later examination showed no evidence of chronic arsenic 
poisoning. 
The action of strychnine (Kobert  (1, 10), Tyrode (3), Cushny (4), Dixon (5), 
and Schmiedeberg (11))  consists in stimulation of the central nervous  system, 
including  the cord,  medulla,  and brain.  Great reflex irritability results,  with 
the  characteristic  rapid  and  active  response  to  external  stimuli.  The  action 
seems localized at some point between the entrance of the afferent fibers and the 
synapse about the motor cell.  The easy response to stimuli  from without seems 
best explained as the removing of some resistance  "to the passage of impulses 
through some of the synapses in the spinal corc~ and  thus extends  the  area  on 
which  an impulse  acts, and also liberates  it from the normal  co6rdinating  in- 
fluences"  (Cushny (4)).  To control the action,  then, it would seem reasonable 
to try to interpose  an inhibiting  influence at the point of the synapses. 
In a series of papers Meltzer and Auer (12-18) discuss the toxicology, pharma- 
cology, and therapeutic use of magnesium sulphate.  They have demonstrated 
that the chief action of the drug is to inhibit and depress the central nervous 
system, simulating  the action of cocaine when used locally.  In spinal subdural 
injections  its first  action  is to produce  anesthesia,  and later, with larger doses, 
paralysis.  Thus it,  too, may act  in intraspinal injections,  at  much the same 
point as strychnine, though through a  different mechanism  and in an opposite 
direction. 
In  planning  a  series  of  experiments  to  test  the  efficacy of  using 
magnesium  sulphate  to  control  strychnine  convulsions,  we  found 
some confusion in the statistics recording the ininimal lethal dose of 
strychnine.  Githens  and  Meltzer  (6)  considered  0.0004  gin.  per 
kilo  of body weight fatal in  dogs when administered intravenously. 
Hale  3 gave the same dosage from the results of his own experiments, 
also  in  dogs.  Kobert  (1)  states  that  0.0005  to  0.001  gin.  per  kilo 
is  fatal for  cats,  dogs,  sheep,  and pigs. 
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EXPERTMF.NTAL. 
We first planned a  series of experiments  to determine  the minimal 
lethal  dose  (Tables  I  and  II).  Healthy  medium  sized  cats  were 
used.  Strychnine  was  administered  subcutaneously  in  the  flank. 
TABLE  I. 
Experi- 
ment 
No. 
Weight of 
anlmal. 
gm. 
2,970 
2,700 
3,900 
2,200 
3,560 
3,260 
2,700 
Strychnine. 
Amount  Amount 
per kg.  injected. 
gm.  gm. 
0.0002  0.0006 
0.00035  0.0010" 
0.0004  0.0016 
0.0004  0.0009 
0.0005  0.00175 
0.0005  0.00162 
0.00065  0.0018 
Result. 
Well. 
lc 
Death. 
Remark. 
No  convulsions; increased  reflex  ir- 
ritability. 
No convulsions; increased reflex irri- 
tability. 
General convulsive seizures began in 
20  min.  Death  with  inhibitory 
respiration in 1 hr. 
General convulsive seizures began in 
40 mAn.  Death in 2 hrs. 
General convulsive seizures began in 
20 man.  Death in 1½ hrs. 
General convulsive seizures began in 
20 man.  Death in 30 min. 
General convulsive seizures began in 
24 min.  Death in 50 man. 
* In  dealing  with  such  small amounts  of  the  drug  the  dosage  given  in  some 
instances  is  approximately  proportional  to  the  animal's  weight,  not  absolute. 
TABLE  II. 
Strychnine.  Experi- 
ment 
No. 
10 
Weight of 
animal. 
gm, 
1,405 
2,970 
3,150 
Amounl  Amount 
per kg.  injected. 
gm.  gft~° 
0.0004  0.0006 
0.0004  0.0012 
0.0006  0.0018 
Result. 
Well. 
Death. 
Remark. 
Convulsion  in  15  re_in.  Ether 
control  it.  Same  procedure  o 
and  on  for  1  hr.  Then  spasti, 
but no more convulsions. 
Convulsions in  15  min.  Controlle 
repeatedly by ether.  Death  in 
hr.  and 5 rain. 
Convulsions in  20  min.  Controlle 
repeatedly  by  ether.  Death  1 
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These  experiments  convinced  us  that  in  cats  the  minimal  lethal 
dose of strychnine  was  0.0004  gm.  per kilo.  That  we were able  to 
control  the  convulsions  entirely  and  prevent  death  by  the  use  of 
ether  (cone method)  in Experiment  8,  we attributed  to the fact that 
the  strychnine  mixture  as  used  in  this  experiment  was  a  new  one 
and  not  reliable  in  concentration.  This  preparation  was  discarded 
at once. 
In  the  following experiments we went on the  supposition  that  the 
same proportionate  dose of the magnesium  sulphate  should  be used 
intraspinally, as in children;  i.e.,  1 cc. of a  25 per cent watery solution 
per  25  pounds. 4  Some  difficulty was  experienced,  at  first,  in  per- 
forming  lumbar  puncture  on  cats,  but it  was  found  that  the  space 
between  the  sacrum  and  fifth  lumbar  vertebra  is  sufficiently large 
and  easily  located  because  of  the  surrounding  bony  prominences. 
In the first series of experiments  (Table III) we injected strychnine 
subcutaneously,  waited  for  a  convulsive  attack,  anesthetized  the 
animal,  and injected magnesium sulphate subdurally.  In the second 
series  (Table  IV),  we first  anesthetized  the  animal  and  then  simul- 
taneously  injected  strychnine  hypodermically  and  magnesium  sul- 
phate  intraspinally.  We  hoped  by  this  method  to  show  that  we 
could  abort  the  characteristic  strychnine  seizures.  For  anesthesia 
ether,  by the  cone method, was administered,  except in  one  case in 
which  chloroform  was  employed,  and  was  used  only long  enough 
(often but  1 or 2  minutes),  to  enable us to  complete our injections. 
The  case,  No.  12,  in  which  we used  chloroform  died,  probably be- 
cause of the anesthetic,  not  the  strychnine. 
4 The more recent advice of Meltzer (19) is 0.5 cc, per 20 pounds in very young 
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TABLE  III. 
i  Weight  Strychnine,  Amount 
d  of  of 
~Z  animal.  Amount  Amount magnesium  Result. 
per kg.  injected,  sulphate. 
gm.  gm.  gra.  co. 
11  2,970  0.0004  0.0012  0.264  Well. 
12  1,960  0.0004  0.0008  0.20  Death. 
13  3,060  0.0004  0.0012  0.375  " 
14  3,900  0.0004  0.0016  0.352  Well. 
15  3,450  0.0004  0.0014  0.308  " 
16  3,260  0.0004  0.0014  0.286  " 
17  3,235  0.0004  0.0013  0.286  " 
18  2,970  0.0004  0.0012  0.264  " 
19  1,685  0.0004  0.0007  Totalat  " 
2in- 
jec- 
tions 
0.308 
20  3,770  0.0004  0.0015  0.331  " 
Remarks. 
Convulsions  in  20  rain.  Aftel 
magnesium  sulphate  weak  in 
hind  legs, spastic  in fore legs. 
Excitable but  no more convul- 
sions. 
Severe  convulsions  in  30  rain, 
Chloroform for 20 min. to con- 
trol spasms.  Then magnesium 
sulphate.  Death before recov- 
ery from anesthetic. 
For discussion see  below.  Mag- 
nesium sulphate cause of death, 
Convulsions  in  25  rain.  Aftra 
magnesium sulphate paralyzed 
in hind legs.  Quiet,  no more 
convulsions. 
Convulsions  in  20  min.  Aftra 
magnesium  sulphate  weak  ir 
hind  legs;  slight  spasm  1  hr 
later; recovered from spasm. 
Convulsions in 30 min.  Weak ir 
hind legs after magnesium sul- 
phate.  No  more spasms. 
Convulsions in 30 rain.  Weak it 
hind legs after magnesium sul- 
phate.  No  more  spasms. 
Convulsions  in  15  min.  ARm 
magnesium sulphate  no  mor¢ 
spasms.  Slight  weakness  ir 
hind legs. 
Convulsions in 10 rain.  15 min 
after magnesium sulphate,  re. 
peated  severe  spasms  in  fore 
legs, none in hind legs.  Dose 
of  magnesium  sulphate  0.154 
cc. repeated.  No more spasms 
Playful with fore legs. 
Convulsions  in  25  min.  Nc 
spasms  after  magnesium  sul- 
phate. ELLIOTT  C.  CUTLER  AND  BENJAMIN" H.  ALTON 
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WeoftSht i  Strychnine.  Amount 
~5  animal.  Amount  Amount  ma  nesium  Result. 
per kg.  i~jected,  saul;hate" 
gm.  gm.  gm.  cc. 
21  1,916  0.0004  0.0008  0.168  Well. 
22  2,080  0.0004  0.000&  0.183  " 
23  3,235  0.0006  0.0019  0.280  Death. 
24  2,880  0.0006  0.0017  0.260  " 
Remark. 
Convulsions  in  30  rain.  No 
spasms  after  magnesium  sul- 
phate. 
Convulsions  in  50  min.  No 
spasms  after  magnesium  sul- 
phate.  Recovered.  Died  in 
10  days  of  meningitis.  The 
only case of infection. 
Convulsions in 24 min.  Flaccid 
in  hind  legs after  magnesium 
sulphate.  Repeated  convul- 
sions and death in 45 min. 
Convulsions in 1 hr. and 25 rain. 
After magnesium sulphate very 
excitable.  Dead  in  cage next 
morning. 
These experiments showed that we could save animals which had 
been given a  lethal  dose of strychnine, by the intraspinal  injection 
of magnesium sulphate.  The onset of the first strychnine convulsion 
though ushered in  by  a  gradual increase in  the irritability  toward 
external  stimuli,  was usually very abrupt,  and  the  spasms  were so 
severe  that  frequently manual  artificial  respiration  as  a  means  of 
getting the animal under the effect of the anesthetic was undoubtedly 
the means of preventing death with the initial convulsion.  The death 
in  Experiment  12,  was,  we  thought,  due  to  the  anesthetic.  The 
death in  Experiment 13  was  due to magnesium sulphate poisoning. 
The effect of the drug as it diffused upwards in the spinal cord could 
be  clearly seen.  After recovery from  the  anesthetic  the  hind  legs 
were  noticed  to  be  partially  paralyzed,  though  frequent  spasms 
seized the fore legs.  Touching the hind legs called forth no reaction, 
while the slightest touch on the fur of a fore leg caused intense spasm 
of the upper half of the body.  The animal was then laid on an in- 
clined board with its head downwards.  The effect of the magnesium 
sulphate  moved  steadily upwards,  and  areas  on  the  abdomen  and 90  CONTROL  OF  STRYCHNINE  CONVULSIONS 
chest  which  on  previous  light  touch  called  forth  spasm,  no  longer 
yielded the slightest response.  Finally only the area  from  the neck 
upwards  remained  irritable.  Soon  afterwards  the  quality  of  the 
respiration  became impaired  and irregular.  The head was then  ele- 
vated  and  artificial  respiration  resorted to.  Breathing  was resumed 
and  the animal lay in a  semicomatose state  for an  hour longer, when 
respiration  again  failed  and  finally  ceased. 
The  deaths  in  Experiments  23  and  24  were  evidently  caused  by 
the  excessive  dose  of  strychnine.  It  does  not  seem  improbable, 
however,  that  we could have  saved  the  animals,  by larger  doses of 
magnesium  sulphate,  as  we  did  in  Experiment  19.  In  every  case 
following  the  injection  of  the  magnesium  sulphate  the  same  phe- 
nomena  were  observed:  (1)  flaccidity  to  almost  total  paralysis  of 
the hind legs with failure of response to  external  stimuli;  (2)  contin- 
ued increase of reflex irritability  in  the rest  of the  body,  gradually 
diminishing  and invariably  progressing from  the lower spinal  region 
upwards.  Few  animals  evinced  any  weakness  in  their  hind  legs 
24 hours after the experiment. 
In  order  to  study  further  the  power  of  magnesium  sulphate  in 
controlling  the  action  of  strychnine,  we performed the following ex- 
periments,  in  which  after  anesthetizafion  (necessary  for  the  intra- 
spinal  injection),  we  injected  strychnine  and  magnesium  sulphate 
simultaneously  (Table IV). 
The results in these experiments seem to show that by using mag- 
nesium sulphate intraspinaily  early enough,  the effects of the strych- 
nine  may be  partially  aborted.  Possibly had  we  used  larger  doses 
of magnesium  sulphate  we  should  have  been  even  more  successful, 
but the death of the animal in Experiment  13 made us feel that  we 
were near  the high limits  of the use of this drug?  The death of the 
animal in Experiment 27, though delayed, was probably due to strych- 
nine,  for  we  noticed  no  symptoms of  the  effects of  the  magnesium 
salts as late as 2 hours after the injection.  Possibly in this case the 
full dose of the salt did not reach the subdural  space.  That  the re- 
sultant  convulsions  in  Experiments  28  and  29,  despite  the  use  of 
5 Meltzer  (12) found that monkeys withstood 0.06 gm. per kilo intraspinally 
even when repeated two or three times at frequent intervals.  Larger doses were 
fatal.  In view of our experiments this  seems a high dosage and  suggests that 
strychnine  may counteract  the action  of magnesium sulphate  to some extent. ELLIOTT  C. CUTLER  AND  BENJAMIN  H. ALTON 
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Experi-  W~ht  Strychnine.  Amountagv  of 
ment  ma nesium  Result. 
No.  animal.  Amount  Amount  su][phate. 
per kg.  injected. 
gm.  gm.  gm.  ¢c. 
25  3,150 0.0004  0.00126  0.268  Well. 
26  2,690 0.0004  0.00107  0.240  " 
27  2,500  0.0004  0.0010  0.220  Death. 
28  2,880 0.0004  0.0012  0.260  Well. 
29  3,170 0.0004  0.0012  0.276  " 
30  2,455 0.0004  0.0010  0.220  " 
Remarks. 
In 30 re_in, weak in hind legs, bul 
very irritable  and  susceptible 
to  external stimuli.  No con- 
vulsions. 
Weak in hind legs and irritable. 
One general spasm in 35 rain. 
then free  from spasms. 
In 35 min. one smM1 convulsion. 
Weak  in  hind  legs; irritable. 
Dead next morning. 
In 20 rain. severe spasm.  Whir 
of  ether  given. No  more 
spasms. 
In 30 rain. severe spasm.  Whiff 
of  ether  given. No  more 
spasms; weak in hind legs. 
Never any convulsions.  Walked 
well.  Slightly  irritable. 
magnesium  sulphate,  were  so  severe  as  to  require  a  whiff  of  ether 
shows  that  the  effect of the  strychnine  still dominated.  Apparently 
there is a  period about 20 minutes after subcutaneous injection when 
the toxic effect of strychnine is at its height.  If at this time ether is 
given  for  a  moment  only,  the  magnesium  sa]t  will  control  further 
reactions. 
SUMMARy. 
We  feel  that  the  results  obtained  in  the  human  case  and  in  our 
animal  experiments justify  the  supposition  that magnesium sulphate 
may be of use in  controlling  cases of poisoning by strychnine.  It is 
a  method  easily  available  not  only in  large hospitals  but  in  private 
practice,  and  requires  no  elaborate  technique.  The  amount  of 
magnesium  sulphate  to  be used  should  follow  the  advice  of Meltzer 
(19)  in  tetanus  cases: intraspinally  1  cc.  of a  25  per  cent solution  to 
each  20  pounds  of  body weight  in  adults,  and  one-half  the  dose  in 
young  children.  Should  this  not  control  the  convulsions  a  small 
amount  of  ether  may  be used.  In  order  to  hasten  the  excretion  of 92  CONTROL OF  STR¥CHNXN-E CONVULSIONS 
strychnine, 200 to 300 cc. of salt solution should be given intravenously.  6 
In  the  event  of  the  return  of  the  convulsions,  the  intraspinal  dose 
may be repeated, always taking precautions to keep the head elevated. 
Meltzer's  apparatus  for  intrapharyngeal  insufftation  and  a  2.5  per 
cent solution  of calcium  chloride  should  always  be on hand  in  case 
of respiratory failure following an  overdose of  the  magnesium  salts 
(Meltzer (19)). 
We wish to express our indebtedness to Dr.  S.  J.  Meltzer and  Dr. 
J.  Auer of The Rockefeller Institute  for Medical  Research  for their 
interest  and  advice. 
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e Githens and Meltzer (6)  used Ringer's solution,  but, of course,  on account 
of  the  balancing  action  of  calcium  on magnesium  salts  (Meltzer  (19)),  this 
solution could not be used.  Ringer's solution less the calcium chloride content, 
however,  might prove more efficacious than plain salt solution  in the elimination 
of strychnine. 